Cassia fistula oil was investigated for antifungal activities against standard and clinical isolates of Candida species. Gas chromatography coupled with mass spectrometric (GC-MS) analysis of C. fistula oil revealed the presence of antimicrobial compounds like β-sitosterol, stigmasterol, ergosterol, betulinic acid, lupeol, fucosterol, α-amyrin and friedelin. The minimum inhibitory concentration (MIC) of the pulp and seed oils ranged between 250-300 and 350-500 µg/mL respectively. Both oils also inhibited by ≥63.8% ergosterol bio-synthesis in Candida cell wall {fluconazole (standard) ≥89.1%)}. The MICs were significantly correlated with the ergosterol content decrease in the cell wall (Student's t test p ≤ 0.005). We can, therefore, conclude that active compounds are present in Cassia fistula oil that primarily target ergosterol biosynthesis in Candida cell wall.
Most synthetic antifungal drugs target the ergosterol biosynthesis pathway, which is necessary for normal membrane functions, regulation of membrane fluidity, asymmetry and integrity; and the function of membrane-bound enzymes [1a,b] . However, these drugs have various side effects like hepato-and nephrotoxicity, especially in patients who have developed drug resistance against Candida species [1c,d] . Therefore, demand has increased for plant-derived compounds having anticandidal potential, which implies being able to target ergosterol biosynthesis of the Candida cell wall, possibly with other versatile applications and low toxicity compared with synthetic drugs.
Cassia fistula L. (Fabaceae), commonly known as Golden Shower, is frequently used to treat various diseases like hematemesis, pruritus, leucoderma, and diabetes [2a,b] . The fruit has been used in Ayurvedic formulation of laxatives and purgative drugs and has been reported to have a non-toxic effect, as well as an antioxidant potential [2c,d] . Our previous study reported the anticandidal activity of defatted (n-hexane) pulp and seed methanolic extracts [3] . However, the present study is on the anticandidal activity of the oil against standard and clinical isolates of Candida species.
Oils from C. fistula pulp and seeds contained 35 and 41 detectable compounds, respectively (Tables 1-2), with twenty being common to both. Terpenoids and steroids were predominant in both oils, with typical sterols such asstigmasterol, β-sitosterol, campesterol, fucosterol, lathosterol and ergosta-4,22-dien-3-one. Other typical compounds were5-(4,8-dimethylnonyl)-5-methyldihydro-2 (3H)furanone, tetramethyl-hexadeca-1,6,10,14-tetraen-3-ol, 3-(6hydroxy-3,7-dimethyl-octa-2,7-dienyl)-4-methoxy-phenol, and 2,5furandione, 3-dodecenyl, which were present in the seed oil. Some of the compounds present in the two oils have been claimed to possess various pharmacological activities. β-Sitosterol is reported to have anti-hypercholesterolemic, anti-inflammatory, antibacterial, antifungal [4a] , and anti-hyperlipoproteinemic [4b] activities, as well as inhibiting carcinogenesis [4c], and decreasing glycated hemoglobin and serum glucose levels, while increasing serum insulin levels [5] .
Recently, ergosterol, stigmasterol and sitosterol have been evaluated for antifungal activity against Aspergillus flavus, Penicillium digitatum and Fusarium verticilloides [6] . Similarly, fucosterol is reported to have antifungal, anti-microbial [7a] , anti-NPC Natural Product Communications [10] . Betulinic acid has been reported as antibacterial [11] , and used as a chemotherapeutic agent for HIV infection [12] . Friedelin, detected in seed oil, possesses anti-malarial, antibacterial, anti-yeast, antimycobacterial, and anticrustacean activities [13] . It is also reported to possess anti-diabetic, anti-inflammatory, anti-pyretic, and anti-hypertensive properties [14] . Similarly, other compounds like linoleic acid, α-linolenic acid, and α-tocopherol have been evaluated for different pharmacological characteristics [15a,b] . Hence, different biological activities of each compound imply various pharmacological properties of Cassia fistula oil.
Anticandidal activity of pulp and seed oils revealed minimum inhibitory concentration (MIC) ranges between 250-300 and 350-500 µg/mL, respectively ( Table 3 ). The results clearly depict that the MIC values of the pulp oil are lower than those of the seed oil. All Candida strains were fluconazole-susceptible, with low MIC values ( Table 3 ).
The minimum inhibitory concentrations were used in disc diffusion assays against standard and clinical isolates of Candida species (Table 4 ). It is noteworthy that both oils formed significant zones of inhibition against all the tested Candida isolates. The oils were compared with each other and with the standard antibiotic fluconazole. At the MICs, C. fistula seed oil produced greater zones of inhibition (diameter ranges from 11 to 18 mm) than those of the pulp oil (diameter ranges from 11 to 14 mm). However, fluconazole showed zones of inhibition ranging from 9 to 16 mm against all the test organisms. The results also depict the significant correlation (Student's t test, p ≤0.046) between the MICs and the zones of inhibition (mm) against the Candida species. C. fistula pulp and seed oils suppressed the growth and delayed the exponential phases of all six tested organisms in a concentration dependent manner ( Figure 1A-F) . The control had a normal pattern of growth with a lag phase of 4-6 h, and an active exponential phase of 12-14 h before attaining stationary phase. However, the pulp and seed oils affected the growth pattern of the Candida species in an almost similar manner. At MIC values of pulp and seed oils, flat lines were observed, meaning no growth, whereas half MIC values resulted in a reduced growth pattern compared with the control. The growth pattern also depicted the higher anticandidal effect of the seed than the pulp oil. Only C. glabrata 2994 showed an almost similar pattern of growth in the presence of both oils. After 24 h incubation, the growth of pulp-and seed oil-treated Candida cells was highly reduced, whereas no marked changes were seen in control groups.
A sterol assay was performed for the mechanistic analysis of the tested oils. Total sterol contents of samples treated with C. fistula pulp and seed oils are given in Table 5 . In comparison with the pulp oil, the seed oil had high ergosterol biosynthesis inhibitory activity against standard Candida species. Pulp and seed oils also showed a significant correlation between the growth pattern and ergosterol content. In addition, Student's t test showed a significant correlation between the MICs and ergosterol biosynthetic inhibition (p≤ 0.005).
The results of ergosterol biosynthesis inhibition, MICs and growth patterns of Candida species suggested that the antifungal activity of pulp and seed oils is due to the disruption of the integrity and fluidity of the fungal membrane.
C. fistula oils were evaluated for their toxicity against human RBCs. These provide a handy tool for toxicity studies of the compounds, because they are readily available, their membrane properties are well known, and their lysis is easily monitored by measuring the release of hemoglobin [16a] . At 2000 µg/mL, the pulp and seed oils caused 9.6 and 13.4% hemolysis, respectively, while the conventional antifungal therapeutic agents, amphotericin B and fluconazole caused almost 100% hemolysis. At MICs the seed and pulp oils had a profound effect on the growth and ergosterol biosynthesis of Candida species, but a negligible effect on hemolysis. This indicates that both oils have low cytotoxic activity at MICs.
Experimental

Collection and extraction of oil:
The fresh and ripe fruits of Cassia fistula were collected from the university campus, and authenticated. A voucher specimen (PM 21) is stored in the laboratory. Fruit pulp and seed were separated, dried in the dark and ground to coarse powder. Oils from seed and pulp were extracted with n-hexane by steam distillation.
Gas chromatography and mass spectroscopy: Analytical gas chromatography was performed using a Shimadzu 2010 system fitted with an AB-WAX column (30 m x 0.25 mm with 0.25 μm film thickness). Helium was used as the carrier gas (1 mL/min). The chemical components were identified by comparing the retention time of the chromatographic peaks with those of authentic compound using the WILEY8.LIB and NIST05s.LIB.
Collection and culture:
The standard strains-Candida albicans ATCC 10261, C. glabrata ATCC 90030 and C. tropicalis ATCC 750, were obtained from the Indian Institute of Integrative Medicine, Jammu, clinical isolates-C. albicans 177, C. tropicalis 105 and C. glabrata 2994, were obtained from the Safderjung Hospital, New Delhi. Stock cultures were maintained on slants of nutrient agar (yeast extract 1%, peptone 2%, D-glucose 2% and agar 2.5%) at 4ºC. Cells from primary culture (10 8 cells/mL) were inoculated in 100 mL fresh YEPD (yeast extract, peptone and dextrose) medium and grown for 8-10 h i.e. up to mid-log phase (10 6 cells/mL). Microbial cultures grown at 37°C were appropriately diluted in sterile YEPD broth to obtain the cell suspension at 10 6 CFU/mL.
Determination of MIC:
Cells were grown for 48 h at 37°C to obtain single colonies, which were re-suspended in a 0.9% normal saline solution to give an optical density at 600 nm (OD 600 ) of 0.1. The cells were then diluted 100 fold in YNB medium containing 2% glucose and the respective auxotrophic supplements. The diluted cell suspensions were added to the wells of round bottomed 96 well microtiter plates (100 µL/well) containing equal volumes of medium and different concentrations of test extracts [16b] . Fluconazole was included as a positive control. In addition to this, a drug free control was also included. The plates were incubated at 37°C for 24 h. The MIC test end point was evaluated both visually and by observing the OD in a microplate reader (BIO-RAD, iMark, USA) and is defined as the lowest concentration that gave complete inhibition of growth compared with the controls.
Disc diffusion assay:
Inhibitory activity of essential oils in solid media against Candida species was determined by the disc diffusion method. Candida cells (10 5 cells/mL) grown in YEPD broth were mixed in molten media with agar (~40ºC) and poured into a Petri dish. Filter discs were kept on solid agar and test oils were spotted onto the disc. MIC and MIC×2 concentrations of oils were applied on the disc in 10 L volume. The experiment was performed in triplicate. The average diameter of zones of inhibition (in mm) was scored after 5 days and was compared with that of a control.
Growth curve studies:
For growth studies [3] , 10 6 cells/mL (optical density A 595 = 0.1) culture of Candida species were inoculated and grown aerobically in YEPD broth for control along with various concentrations of oils (MIC and ½MIC) in individual flasks. Growth was recorded turbidometrically at 595 nm using a LaboMed Inc. Spectrophotometer (USA). The growth rate of different Candida species in the absence and presence of inhibitor was performed in triplicate for each concentration; the average was taken.
Ergosterol extraction and estimation assay:
The total intracellular sterols were extracted by a standard method [17a] . A single Candida colony from an overnight Sabouraud dextrose agar plate culture was used to inoculate 50 mL of Sabouraud dextrose broth for control and for various concentrations of test oils. Fluconazole was included as positive control. The cultures were incubated for 16 h and harvested by centrifugation at 774 x g for 5 min at 4ºC (Eppendorf 5804R, Germany). The net weight of the cell pellet was determined. Three mL of 25% ethanolic potassium hydroxide solution was added to each pellet and vortex mixed for 1 min. Cell suspensions were transferred to sterile borosilicate glass screw-cap tubes and were incubated at 85°C in a water bath for 1 h. Following incubation, tubes were allowed to cool. Sterols were then extracted by addition of a mixture of 1 mL of sterile distilled water and 3 mL of n-heptane followed by vigorous vortex mixing for 3 min. The nheptane layer was transferred to a clean borosilicate glass screw-cap tube and stored at -20°C. Prior to analysis, a 20 µL aliquot of sterol extract was diluted fivefold in 100% ethanol and scanned spectrophotometrically between 240 and 300 nm with a spectrophotometer (Systronics UV-Visible Spectrophotometer 117). Ergosterol content was calculated as a percentage of the wet weight of the cell, as described by Breivik and Owades [17b].
Hemolytic activity:
The hemolytic activity was determined on human red blood cells as described previously [16a] . Human erythrocytes from healthy individuals were collected in tubes containing EDTA as anti-coagulant. The erythrocytes were harvested by centrifugation for 10 min at 425 x g at 20ºC, and washed 3 times in phosphate-buffered saline (PBS). To the pellet, PBS was added to yield a 10% (v/v) erythrocytes/PBS suspension. 
